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(57) ABSTRACT 

A thin ?lm transistor and a method of fabricating the same 
include: a semiconductor layer having a grain boundary dis 
posed in a crystal growth direction and having a variation in 
height of a top surface of 15 nm or less formed by a thin beam 
directional crystallization method. Also, an organic light 
emitting diode (OLED) display device comprising the thin 
?lm transistor is provided and has excellent characteristics 
fabricated by a simple process. Also, a ?at panel display 
device and a method of fabricating the same are provided and 
include: a polycrystalline silicon layer in a pixel region; and a 
polycrystalline silicon layer in a peripheral region formed by 
the thin beam directional crystallization method. Also, a 
semiconductor device and a method of fabricating the same 
include: an intrinsic region of a semiconductor layer in the 
photodiode region formed by the thin beam directional crys 
tallization method. 
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FIG. 1 
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FIG. 2A 
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FIG. 2C 

CRYSTAL GROWTH DIRECTION 
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THIN FILM TRANSISTOR, ORGANIC LIGHT 
EMITTING DIODE DISPLAY DEVICE 

HAVING THE SAME, FLAT PANEL DISPLAY 
DEVICE, AND SEMICONDUCTOR DEVICE, 
AND METHODS OF FABRICATING THE 

SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of Korean Appli 
cation No. 2007-26202 ?led Mar. 16, 2007 and KoreanAppli 
cation No. 2007-27141 ?led Mar. 20, 2007, the disclosures of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] Aspects of the present invention relate to a direc 
tional crystallization method of directly irradiating a laser 
beam having a speci?c Width and length on amorphous sili 
con to crystallize the amorphous silicon, and more particu 
larly, to a method of crystallizing amorphous silicon into 
polycrystalline silicon having a grain boundary parallel to a 
crystal groWth direction Without using a mask and having 
excellent surface roughness, a method of fabricating a thin 
?lm transistor using the same, and an organic light emitting 
diode (OLED) display device including the thin ?lm transis 
tor. 

[0004] Aspects of the present invention also relate to a ?at 
panel display in Which a directional crystallization method 
and a super grained silicon (SGS) crystallization method are 
used to crystallize an amorphous silicon layer and a method of 
fabricating the same, and a semiconductor device and a 
method of fabricating the same. More particularly, aspects of 
the present invention relate to a ?at panel display device 
having excellent characteristics, Which includes a thin ?lm 
transistor simultaneously having high electron mobility and 
uniformity of characteristics by forming semiconductor lay 
ers in peripheral and pixel regions using directional crystal 
lization using a laser and SGS crystallization, respectively, a 
semiconductor device, and methods of fabricating the same. 
[0005] 2. Description of the Related Art 
[0006] Generally, polycrystalline silicon layers are Widely 
used as semiconductor layers for thin ?lm transistors because 
they have high ?eld effect mobility, and can be applied to 
high-speed operation circuits and constitute CMOS circuits. 
The thin ?lm transistors using these polycrystalline silicon 
layers are usually applied to active devices of active-matrix 
liquid crystal display (AMLCD) devices and sWitching and 
driving devices of OLED display devices. 
[0007] Methods of crystallizing the amorphous silicon 
layer into the polycrystalline silicon layer include solid phase 
crystallization (SPC), metal induced crystallization (MIC), 
metal induced lateral crystallization (MILC), excimer laser 
crystallization (ELC), and sequential lateral solidi?cation 
(SLS). 
[0008] Among these, a method of crystallizing using a laser 
can be performed at a loW temperature, and thus, loW tem 
perature polycrystalline silicon (LTPS) may be fabricated. 
[0009] Excimer laser annealing (ELA) is used to fabricate a 
thin ?lm transistor using such a loW temperature polycrystal 
line silicon layer. In ELA, amorphous silicon is melted and 
crystallized for a short time of 30 to 200 ns, and thus, ELA 
does not damage a glass substrate. The actual duration is only 
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several hundred nanoseconds per pulse, and ELA can be used 
at room temperature. ELA uses multiple pulses applied in a 
length of 15 to 30 cm and a Width of 0.2 to 3 mm. A beam 
pro?le of a laser, the number of pulses, initial substrate tem 
perature, and a deposition condition and method of an amor 
phous silicon layer are critical factors Which affect the ?nal 
crystallinity of the resulting polycrystalline silicon layer. 
[0010] Recently, ?at panel display devices, such as a liquid 
crystal display (LCD) device, an organic light emitting diode 
(OLED) display device, or a plasma display panel (PDP), 
have attracted attention as such resolve disadvantages of con 
ventional, heavy, and large display devices, such as a cathode 
ray tube. In the ?at panel display device, such as the OLED 
display device or the LCD device, a thin ?lm transistor is 
Widely used as a sWitching device, and a semiconductor layer 
of the thin ?lm transistor is formed of polycrystalline silicon. 
[0011] The polycrystalline silicon layer may be formed by 
as-deposition, Which is a method of directly depositing a 
polycrystalline silicon layer on a glass substrate at a tempera 
ture of 580° C. or more and under a pressure of0.l to 0.2 torr. 
HoWever, in such a method, common glass substrates cannot 
endure such a high temperature for the time necessary for 
crystallization of the silicon layer, and thus a large glass panel 
cannot be used. It is noted that the method has been successful 
at 530° C. using silane (SiH4) gas, Which, hoWever, is dif?cult 
to commercialize. 

[0012] Second, to form the polycrystalline silicon layer, a 
solid phase crystallization (SPC) method may be used, Which 
is the most direct and oldest method for obtaining a polycrys 
talline silicon thin ?lm from amorphous silicon. In the SPC 
method, silicon ions are injected into a deposited amorphous 
silicon layer, and then annealed at 600° C. or less for at least 
several tens of hours. The size of the ?nal grains depends on 
a dose of injected silicon ions, annealing temperature, and 
annealing time. The polycrystalline silicon layer obtained by 
such SPC method generally has several pm grains, Which is 
relatively large, but also has many defects in a corresponding 
grain. Such defects are knoWn to negatively affect perfor 
mance of the resulting thin ?lm transistor. 
[0013] Third, to form the polycrystalline silicon layer, a 
rapid thermal annealing (RTA) method may be used, Which 
has high mass-productivity and is performed at a temperature 
of 700 to 11000 C. for several seconds. FeWer defects in the 
grain are generated than With the SPC method, but deforma 
tion of or damage to the substrate during annealing is a deci 
sive problem. Though the annealing time is short, ?ne con 
traction or sWelling of a panel or circuit results in a 
misalignment margin of a pattern, and thus the process 
becomes impossible. Recently, such an RTA process is 
Widely used as a dehydrogenation process of removing 
hydrogen atoms after depositing an amorphous silicon layer 
using a plasma enhanced chemical vapor deposition 
(PECVD) method or a process of activating ions after ion 
injection rather than a process of crystallizing an amorphous 
silicon layer. 
[0014] Like ELA above, there is a sequential lateral solidi 
?cation (SLS) method of crystallization using a mask. HoW 
ever, the SLS has disadvantages of being a complicated pro 
cess and costly because a primary grain boundary 
interrupting current How is formed and the laser is irradiated 
using a mask in groWing the crystals. 
[0015] HoWever, although the above-described crystalliza 
tion methods have advantages and disadvantages, there is no 
method that produces a polycrystalline layer simultaneously 


















